The pleural membrane of the lower pleural cavity has a greater ability to recycle fluid than the pleural membrane of the upper pleural cavity. During lobectomy, the visceral pleura is removed with the lobe, whereas the parietal pleura is traumatized during manipulation. This study investigates variations of the drainage according to the type of lobectomy and its relation to effusion-related complications.
INTRODUCTION
The lower parts of the pleural cavity have been shown to play a greater role in the recycling of pleural fluid, a phenomenon that is attributed to the ability of mesothelial cells to transport water and electrolytes via cellular transporters [1, 2] and to the more pronouced presence of the lymphatic network on the lower lobe visceral pleura and the stomata diaphragmatic parietal pleura [3] [4] [5] . This ability is hindered by surgical trauma and manipulations carried out within the pleural cavity [6, 7] . During lobectomies, the lobe is removed along with the covering visceral pleura and inevitably, the relevant cavity parietal pleura, with its lymphatic drainage, is traumatized during procedural manipulations. It may be assumed that the important postoperative fluid recycling ability varies after upper lobectomy compared with lower lobectomy and, therefore, postoperative drainage may be different. This finding may be important to identify what type of lobectomy may present a predisposition for effusion-related complications in an era with a trend towards early chest drainage removal [8, 9] . This study investigates the differential in postoperative fluid drainage appearing in upper and lower lobectomies and their relation with effusion-related postoperative complications.
PATIENTS AND METHODS
The data of consecutive patients subjected to upper or lower lobectomy over a period of 3 months were analysed. These data included, apart from the demographic details of the patients, the side of hemithorax lobectomy, the amount of fluid drained per day, the duration of drainage (chest tube removal), morbidity, mortality and the duration of stay in hospital. The postoperative outcome of lobectomy patients was compared with the outcome of patients undergoing wedge resection via minithoracotomy for biopsy reasons as an indicator of minimal visceral pleura excision and parietal pleura trauma. All patients participating in the study provided a signed consent form.
All patients were suctioned until totally dry before closure, and one chest tube was left in the hemithorax, positioned posteriorly and apically (according to our institute's practice). Patients with suspicion of postoperative haemorrhage or air leak >5 days were not included in the present study [10] . The chest tube was left in suction immediately postoperatively in all cases for the first 2 days and under water seal until no air leak could be observed, and it was removed when fluid (not turbid) <200 ml per day was drained (according to our institute's practice). The patients were all discharged on the day following the removal of the chest tube, unless indicated otherwise.
Statistical analysis was performed with the SPSS version 10.0 for Windows (SPSS Inc., Chicago, IL, USA). Student's paired t-test was used for the comparison of the means of numerical data, whereas ANOVA (with Bonferroni post hoc test) was used for comparison between groups. The non-parametric MannWhitney U-test was used for comparison of the categorical data.
RESULTS
During the period of study, 38 lobectomy cases in total fulfilled the inclusion criteria, of which 20 were upper and 18 lower lobectomies. The mean age was 69.8 ± 9.5 years old, and 20 patients (52.6%) were males. The mean age of the 15 wedge resection patients included in the study was 68.2 ± 7.9 years, seven patients (46.6%) were males, and most cases involved metastatic tumours. The demographics of patients who underwent upper and lower lobectomies as well as wedge resections are shown in Table 1 .
Patients recovering from lower lobectomy procedures presented a larger volume of fluid drainage (636 ± 93 ml) when compared with patients who underwent upper lobectomy (268 ± 75 ml; P = 0.002) and wedge resection (225 ± 62 ml; P = 0.002) on the first postoperative day (Fig. 1) . The same observation was also made for the second postoperative day [494 ± 94 ml for lower vs 237 ± 90 ml for upper lobectomy (P = 0.046) and vs 220 ± 62 ml for wedge resection patients (P = 0.048); Fig. 1 ] as well as the third postoperative day [398 ± 85 ml for lower vs 206 ± 90 ml for upper lobectomy (P = 0.023) and vs 205 ± 52 ml for wedge resection patients (P = 0.028); Fig. 1 ].
Patients who underwent right lower lobectomies (n = 11) had a tendency to have a larger volume of fluid drainage in comparison with the volume of fluid collected from left lower lobectomy patients (n = 7) on the first postoperative day (508 ± 65 vs 662 ± 75 ml, respectively; P = 0.058). In right and left upper lobectomy patients, the fluid drainage postoperatively was of a similar volume (250 ± 95 vs 287 ± 82 ml, respectively; P = 0.933).
Complications were noted in two of the cases of upper and seven of the cases of lower lobectomy; in the two cases of upper and another two cases of lower lobectomy, atrial fibrillation developed and required treatment. In the remaining five lower lobectomy cases (27.7%), effusion-related complications developed that necessitated antibiotic treatment and prolonged drainage, which led in one case to loculation formation and computed tomography (CT)-guided drainage ( Table 2 ). The effusion-related complications were noted after the third postoperative day (Table 2) .
In lower lobectomies, the volume of drainage in effusioncomplicated cases was greater than in uncomplicated cases from the second postoperative day (583 ± 102 vs 375 ± 95 ml, respectively; P = 0.035; Fig. 2 ). This greater drainage was maintained until at least the fifth postoperative day (Fig. 2) . For both upper and lower lobectomy patients, the air leak ceased within the same number of postoperative days (3.4 ± 1.1 vs 4.1 ± 1.2 days, respectively; P = 0.689; Fig. 3 ). The chest tube was removed after 4.6 ± 0.9 days for upper and 8.1 ± 1.4 days for lower lobectomy patients (P = 0.014; Fig. 3 ). In the wedge resection group, the air leak ceased after 2.2 ± 1.2 days (P = 0.07 vs upper and P = 0.058 vs lower lobectomy patients), while the chest tube was removed after 3.5 ± 1.3 days (P = 0.045 vs upper and P = 0.002 vs lower lobectomy patients; Fig. 3 ). The duration of chest tube drainage was more prolonged for effusioncomplicated cases than for uncomplicated cases (10.67 ± 0.9 vs 6.25 ± 0.9 days, respectively; P = 0.008).
The duration of hospitalization was shorter for upper lobectomy than for lower lobectomy patients (6.1 ± 0.9 vs 10.43 ± 1.3 days; P = 0.032; Fig. 3 ) and the duration of hospital stay for wedge lobectomy patients was 3.50 ± 1.3 days (P = 0.026 vs upper and P = 0.008 vs lower lobectomy patients; Fig. 3 ). Lower lobectomy effusion-complicated cases remained in hospital for longer than uncomplicated cases (15 ± 0.9 vs 7 ± 0.8 days, respectively; P = 0.001).
No mortality was noted in upper or lower lobectomy or wedge resection cases.
The follow-up of all upper lobectomy patients was unremarkable, in contrast to follow-up for lower lobectomy patients, in whom recurrent effusion occurred in two cases, necessitating repeated thoracocentesis and aspiration but without the need for readmission.
DISCUSSION
The main finding of the present study is that a greater amount of fluid is drained postoperatively after lower lobectomies, and especially after right lower lobectomies, compared with the volume collected after upper ones, indicating that lower lobectomy significantly hinders the ability of the lower pleural parts to redistribute fluid. Cases of effusion-related complication developed only after lower lobectomies, in which there appeared to be a larger volume of drainage after the second postoperative day, when compared with uncomplicated lower lobectomies. Lower lobectomy patients required more prolonged chest tube drainage and were hospitalized for a longer period, especially in cases of effusion-related complication. It is suggested that in lower lobectomies a prolonged high drainage output after the second postoperative day may be associated with effusionrelated complications and therefore an early removal of the inserted chest tube should be reconsidered.
The mesothelial cells of the visceral and parietal pleura have the ability to transport fluid and electrolytes [7, 11, 12] . This ability is considered to be an additional mechanism in pleural fluid recycling, operating continuously in the normal pleural cavity [7, 13] . It has been shown to be more pronounced in the mesothelium over the visceral pleura of the lower lobe and over the parietal pleura of the caudal and diaphragmatic regions, where the lymphatic network and the stomata are more abundant [1] [2] [3] [4] [5] [6] [7] [8] . Additionally, in order for this transportation ability of the mesothelial cells to be operational, an intact, unharmed and functional mesothelium is necessary [3, 4] . During surgery, the mesothelium is traumatized in different ways, leading to the impairment of its transportation ability to an extent dependent on the site of surgical trauma, i.e. the lower parts of the pleural cavity and the diaphragm may be more traumatized during a lower lobectomy rather than during an upper lobectomy.
From all the above discussion, it can be assumed that in cases of surgery interfering with the lower pleural cavity parts, as in lower lobectomies, the relevant pleura is traumatized (during manipulations) and removed (the visceral part with the lobe), leading to loss of the main recycling potential of the mesothelium (which is largely performed by the lower pleural cavity parts). The ability to redistribute the postoperative fluids is therefore lost, resulting in accumulation of fluid, which is eventually drained through the chest tube. This finding should be considered by surgeons when choosing early drainage removal or the number of chest tubes inserted [8, 9, 14] . Additionally, the volume of fluid drained in right lower lobectomies had a tendency to be greater than in left lower lobectomies. This finding may be explained by the presence of the heart in the left Values are expressed as the mean duration (in days) ± SD; *P < 0.05 for drainage duration between lower vs upper lobectomies and wedge resections; **P < 0.05 for duration of hospitalization between lower vs upper lobectomies and wedge resections; and # P < 0.05 for drainage duration and hospitalization between upper lobectomies vs wedge resections.
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because in general the right-sided lobectomies are considered more laborious and consequently, the pleural surfaces are traumatized to a greater extent; however, this observation requires further clarification.
The time of removal of the chest tube, after air leakage has ceased, has been a subject of argument between thoracic surgeons [8, 9] . This argument is intensified by the lack of specific guidelines concerning the safe timing of chest tube removal [8] ; the more conservative surgeons do not remove the chest tube earlier than with a daily drainage of 200-250 ml, fearing effusion complications, whereas others remove the chest tube immediately after the air leakage has ceased, regardless of the amount of drainage per day, even in cases with high-output drainage. It is considered that in video asisted thoracic surgery (VATS) wedge procedures, a chest tube may even not be needed [15, 16] . The removal of drains with high fluid output is considered by some authors to be a safe practice in well-selected patients and the rate of readmissions due to effusions is acceptably low [8, 9] . Conversely, a lower lobe lesion and the number of segments removed were correlated with increased morbidity and higher complications in thoracoscopic lobectomy patients, whereas the duration of drainage was not [9] . However, no information exists about possible differences of the morbidity outcomes mentioned above according to the type or site of lobectomy. In our study, all effusion-related complications developed after the third postoperative day following lower lobectomies that retained a high output after the second postoperative day. This study, therefore, suggests that the type of lobectomy should be considered when early removal of the drainage is planned, because after lower lobectomies the drainage is significantly greater and effusion complications develop more frequently, suggesting that the fear of effusion-related complications because of fluid entrapment may be valid.
Of course, it must be noted that an increased fluid output after lower lobectomies does not mean that more effusionrelated complications appear and, despite the fact that the chest tube was not removed early, development of effusion-related complications was not avoided in some patients. A high fluid output may indicate non-functional pleura, which is unable to redistribute postoperative fluids and consequently, early chest tube removal may predispose to fluid retention and effusionrelated complications. An early removal of the chest tube, according to the present study, may be suggested after intraoperative care of the pleural surfaces, consideration of the site of lobectomy ( preferable in upper lobectomies) and when a decreasing volume of drainage is measured postoperatively (not if there is prolonged high output) [17] .
The main limitation of the present study is that the number of patients included in the study was relatively small, because its main purpose was to investigate the volume of drainage after each type of lobectomy. More research will be needed in the future to clarify possible relations of the type of lobectomy (and VATS) with the number of effusion-related complications developing after surgery. Additionally, more research is needed concerning the positioning of the tube (i.e. posterior vs anterior or basal vs apical), the laterality of the operated hemithorax (left vs right) and other factors in the variation of postoperative drainage of the pleural fluid.
In conclusion, drainage after lower lobectomies is greater, necessitating a longer duration of drainage and possibly longer hospitalization, and is possibly associated with more effusionrelated complications. This event could be attributed to the fact that the normal process of electrolyte and fluid transportation of the mesothelium and the lymphatics functioning over the lower pleural cavity parts is hindered because of the removal of lower lobe visceral pleura and trauma induced by the surgical manipulations of the lower cavity pleura. All these findings should be considered when early removal of lower lobectomy chest drainage is planned.
